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A SYSTEM AND A METHOD FOR PLATING OF A CONDUCTIVE PATTERN 



Field of the invention 

10 The invention relates to methods and systems 

for plating conductive patterns. 

Technological background 

In the solid state electronics industry^ a 

15 plurality of components being active devices as well as 
passive devices are processed on a surface of a 
semiconductor wafer for instance to form an integrated 
circuit . To form these integrated circuits metallization 
structures are requested both as a part of the 

20 aforementioned devices and to interconnect these devices. 
The formation of such metallization structures includes the 
plating of a conductive pattern, being part of a 
metallization structure and being formed at a first surface 
of a substrate, such as a wafer. Particularly this first 

25 surface can be the front side or the back side of the 
wafer . 

One of the issues involved is the plating of 
this first surface of a substrate without exposing a second 
surface of a wafer, opposite to the first surface, to a 
3 0 plating solution. Particularly, exposure, even partly, 
would result in unwanted wetting, plating and/or corroding 
of other surfaces. Furthermore to be able to deposit a 
material by electroplating, the plating solution must be in 
contact with the first surface of the substrate comprising 
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the conductive patterns to be plated and two electrically 
connectable electrodes have to be provided. Usually, the 
first electrode is immersed in the plating solution, while 
the second electrode has to be electrically connected to 
the conductive patterns to be plated. State-of-the-art 
plating techniques usually contact peripheral regions of 
the first surface of a substrate, comprising the conductive 
patterns to be plated. These peripheral contact regions are 
electrically connected to the second electrode as well as 
to the conductive patterns. to be plated. 

A problem is that often long metal lines are 
required to connect each conductive pattern to be plated 
with the contact in the peripheral region. Particularly, 
this is a problem when one wants to perform plating on 
wafer scale because the differences in distance between 
conductive patterns to be plated being located near the 
edges of the wafer and in the center of the wafer are huge. 
These differences are typically in the centimeter range. 
Consequently also the differences in resistance of the 
metal lines connecting the respective conductive patterns 
can be huge. This often results in a highly non-uniform 
plating process. All these metal connections between the 
conductive patterns to be plated and the peripheral regions 
can not be easily removed after the plating process and 
moreover, a lot of wafer- area is required to provide these 
connections thereby inhibiting dense integration. Another 
problem is that the contact means in the peripheral regions 
are exposed to the plating solution. These contact means 
become parasit ically plated and have to be cleaned 
regularly. A further problem can arise if the contact means 
do not simultaneously can be used as sealing means, then 
extra sealing means are required. These sealing means 
should then be positioned between the contact means and the 
edges of the wafer in order to avoid leakage of the plating 
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solution to another surface of the wafer. Consequently, 
this leads again to a further decrease of the available 
area which can be plated. 

Aim of the invention 

The invention presents methods and systems 
for plating conductive patterns which at least result in a 
high uniformity and avoid parasitical plating effects. 

Sirmmary of the invention 

In an aspect of the invention a plating 
system is disclosed for plating on a plurality of 
conductive patterns formed at a surface of a substrate. A 
plating solution is applied on this surface and the 
exposure of other surfaces of the substrate to the plating 
solution is inhibited. A first electrode of the system is 
immersed in the plating solution while the second electrode 
is in contact with another surface of the substrate. The 
conductive patterns to be plated are temporary electrically 
connected with the second electrode resulting in a uniform 
and selective deposition over the exposed surface of the 
substrate. Particularly, according to this aspect of the 
invention, a system is disclosed for plating on at least 
one conductive pattern, said conductive pattern being 
positioned at a first surface of a substrate having at 
least a first surface and a second surface, said system 
comprising : 

a support with an electrically connectable 
electrode thereon; 

a sealing element to inhibit the exposure of 
the second surface of the substrate to a plating solution; 
and 

wherein said substrate is placeable on said 
support such that said electrode is in contact with said 



wo 00/07229 PCT/BE99/00090 

4 

second surface of said substrate and wherein a contact to 
said first surface of said substrate is provided, said 
conductive pattern being temporary electrically connected 
with said contact and said contact being electrically 
connected with said electrode. 

In another aspect of the invention, a 
substrate is disclosed having at least a first surface and 
a second surface opposite to said first surface, said first 
surface being exposable to a plating solution, said 
substrate comprising 

a conductive pattern being positioned at said 
first surface of a substrate; 

a contact to the first surface of the 
substrate; and 

said conductive pattern being temporary 
electrically connected by a polysilicon or an amorphous 
silicon conductor with said contact and said contact being 
electrically connected with said second surface. 

In a further aspect of the invention, a 
method is disclosed for plating on at least one conductive 
pattern formed at a surface of a substrate, said substrate 
having at least a first surface and a second surface, said 
method comprising the steps of: 

placing the substrate on an electrode being 
part of a plating holder such that said second surface of 
said substrate is in contact with said electrode and said 
conductive pattern is temporary electrically connected to 
said conductive pattern; and 

applying a plating solution on said first 
surface of said substrate thereby inhibiting exposure of 
said second surface to said plating solution. 
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Brief descri-ption of the drawings 

Figure 1 shows a plurality of structures to 
be plated. Each one of said plurality of structures (with 
boundary (2) ) is connected to a polysilicon stripe which 
5 crosses the dicing line (1) . 

Figure 2 shows a metal (3) of a first die and 
a second die, being adjacent. The polysilicon stripe (4) 
extends from said metal (3) over the dicing line (1) and is 
further connected to the substrate contact (5) on said 
10 second die. 

Figure 3 shows a system for plating, 
comprising of a plating holder with a backside contact. 
Means for sealing (6) , preventing the second surface of the 
wafer being exposed to the plating solution are foreseen. A 
15 backside contact means is also present. 

Figure 4 shows a cross -section view of the 
polysilicon stripes. Dicing over the polysilicon stripe, 
results in disconnecting the electroplated structures from 
the substrate contact . 

2 0 Figure 5 shows a top vies of the polysilicon 

stripes . 

Description of the invention 

In an aspect of the invention a plating 
25 system is disclosed for plating on a plurality of 
conductive patterns formed at a surface of a substrate. A 
plating solution is applied on this surface and the 
exposure of other surfaces of the substrate to the plating 
solution is inhibited. A first electrode of the system is 

3 0 immersed in the plating solution while the second electrode 

is in contact with another surface of the substrate. The 
conductive patterns to be plated are temporary electrically 
connected with the second electrode resulting in a uniform 
and selective deposition over the exposed surface of the 
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substrate. Particularly, according to this aspect of the 
invention, a system is disclosed for plating on at least 
one conductive pattern, said conductive pattern being 
positioned at a first surface of a substrate having at 
5 least a first surface and a second surface, said system 
comprising : 

a support with an electrically connectable 
electrode thereon; 

a sealing element to inhibit the exposure of 
10 the second surface of the substrate to a plating solution; 
and 

where said substrate is placeable on said 
support such that said electrode is in contact with said 
second surface of said substrate and wherein a contact to 

15 said first surface of said substrate is provided, said 
conductive pattern being temporary electrically connected 
with said contact and said contact being electrically 
connected with said electrode. Particularly, the electrical 
connection between the contact at the first surface of the 

20 substrate and the electrode at the second surface of the 
substrate can be a doped semi -conductive region of either 
an n-type conductivity or a p-type conductivity, or a metal 
via connection extending from the first surface to the 
second surface of the substrate. Furthermore, a metal 

25 contact can be provided at the second surface of the 
substrate . 

In an embodiment of the invention a system is 
disclosed for plating on a plurality of conductive patterns 
formed at a surface of a substrate. Each conductive pattern 
30 to be plated is temporary electrically connected with a 
contact to the first surface of the substrate by a 
polysilicon conductor or an amorphous silicon conductor. 
Particularly, the conductive pattern is positioned on a 
first die and the corresponding contact is positioned on a 
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second die different from said first die. Preferably said 
second die is adjacent to said first die to 'keep the 
polysilicon or amorphous silicon conductor as short as 
possible to minimize the resistance of the connection. 
Consequently the plating can be performed in a 
substantially uniform manner. 

In another embodiment of the invention a 
system is disclosed for plating on a plurality of 
conductive patterns formed at a surface of a substrate, 
where at least a part of a conductive pattern and/or a 
contact to a first surface of a substrate is covered with a 
layer to inhibit plating on said part. Particularly this 
layer can be a resist layer. By doing so the usually 
undesired plating of a contact to the first surface of the 
substrate can be avoided. 

The substrate can be a piece of a conductive 
material or a doped semi -conductive material. Particularly 
a silicon semiconductor wafer of a n-type or p-type 
conductivity can be used. The plating solution can be any 
commercially available plating solution. Of particular 
interest are plating solutions containing an element 
selected from a group comprising Ag, Cu, Au, Pt, Ti , Ni and 
Co. The conductive patterns are usually metal patterns. 
Particularly Al- containing or Cu- containing patterns can be 
used . 

In another aspect of the invention, a 
substrate is disclosed having at least a first surface and 
a second surface opposite to said first surface, said first 
surface being exposable to a plating solution, said 
substrate comprising 

a conductive pattern being positioned at said 
first surface of a substrate; 

a contact to the first surface of the 
substrate; and 
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said conductive pattern being temporary 
electrically connected by a polysilicon or an amorphous 
silicon conductor with said contact and said contact being 
electrically connected with said second surface. 

In a further aspect of the invention, a 
method is disclosed for plating on at least one conductive 
pattern formed at a surface of a substrate, said substrate 
having at least a first surface and a second surface, said 
method comprising the steps of: 

placing the .substrate on an electrode being 
part of a plating holder such that said second surface of 
said substrate is in contact with said electrode and said 
conductive pattern is temporary electrically connected to 
said conductive pattern; and 

applying a plating solution on said first 
surface of said substrate thereby inhibiting exposure of 
said second surface to said plating solution. 

In another embodiment of the invention, a 
plating solution is disclosed wherein said electrode and 
said conductive pattern are temporary electrically 
connected by forming a polysilicon or an amorphous silicon 
conductor to temporary connect said conductive pattern with 
a contact to the substrate, said contact being formed on 
the first surface of the substrate, and by providing an 
electrical connection between said contact and said 
electrode. The resistance of the electrical connection 
between the contact and the electrode is substantially 
independent of the location of the contact on the first 
surface of the substrate. Therefore, to achieve a high 
degree of uniformity over the substrate of the plating 
process, preferably the length of the polysilicon or the 
amorphous silicon conductor should be kept as short as 
possible. On the other hand, one has to be able to easily 
cut the connection provided by the silicon or the amorphous 
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silicon conductor after the plating process. Therefore, 
preferably, the conductive pattern is positioned on a first 
die and said contact is positioned on a second die 
different from said first die. By doing so, the connection 
i can by cut by dicing the substrate. More preferably, said 
first and said second die are adjacent dies. 

In another embodiment of the invention a 
method is disclosed, wherein prior to applying the plating 
solution, a resist layer is deposited on said conductive 
pattern and patterned in order to create at 'least one 
covered area an at least one uncovered area, said uncovered 
area being exposable to said plating solution. 

In an embodiment of the invention, as an 
example, ' a system and a method for selectively 
electroplating a plurality of aluminum patterns is 
disclosed. The aluminum patterns to be plated are formed on 
the front side of a silicon wafer with a p-type 
conductivity. Each aluminum pattern (Fig. i) to be plated 
is connected by means of a polysilicon line to an aluminum 
contact to the p-type substrate region of the wafer at the 
front side of the wafer. This contact is positioned on an 
adjacent die. The polysilicon line is isolated from the 
wafer by means of at least one dielectric layer. The 
polysilicon line extends over a dicing line (Fig. 2) . 
Accordingly, all aluminum patterns to be plated are 
electrically connected to the back side of the wafer which 
can be provided with an aluminum metal contact . 

Before applying a plating solution, the wafer 
is placed on a support with an electrically connectable 
electrode thereon such that there is an electrical 
connection between the back side of the wafer and the 
electrode. This support is a part of a wafer holder 
designed for plating purposes. During the plating process, 
the plating solution is brought in contact with the front 
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side of the wafer, while the backside is sealed by means of 
a sealing element being part of the aforementioned wafer 
holder (Fig. 3) . Particularly, this sealing element is a 
sealing ring which inhibits the exposure of the backside of 
5 the substrate to the plating solution The backside of the 
wafer is electrically connected with a backside electrode 
of the same size. By immersing a similar electrode as 
counter electrode in the plating solution, a homogeneous 
electrical field can be created. The plating process is 
10 galvanostatic, e.g. the- current is held constant by 
regulating the potential between the backside and the 
counter electrode. According to the example, silver is 
electroplated and an alkaline silver solution is used as 
plating solution. A negative potential is applied at the 
15 backside electrode. 

In order to avoid plating of the aluminium 
contacts to the substrate at the front side of the 
substrate, a positive photoresist layer (AZ4562) is used to 
cover those areas where no plating may occur. 
20 Finally, the wafers are stripped and diced. 

Figure 4 and figure 5 show respectively a cross -section and 
top view of the polysilicon lines. By dicing over the 
polysilicon lines, the electroplated structures are 
disconnected from the respective substrate contact. 
25 By using the substrate as a contacting layer 

for an electrode, the electrical resistance between the 
areas to be plated and the electrical contact point is for 
all plated structures substantially the same, particularly 
if the length of the polysilicon lines is kept sufficiently 
30 short and the specific resistance of the polysilicon line 
is sufficiently low. This length has to be sufficiently 
short to assure that the resistance of the polysilicon 
lines has a negligible contribution to the total resistance 
of the connection between the conductive pattern and the 
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backside of the wafer. Accordingly, the uniformity of the 
plating process is increased or in another words, the 
homogeneity of the deposited thickness of the plated 
material over the complete wafer is increased. In the 
example, the plated material is silver. 

By dicing over the polysilicon lines, the 
individual electroplated patterns are disconnected one from 
the other and are no longer in contact with the substrate. 
By using polysilicon or amorphous silicon lines extending 
over the dicing lines, the risk to create electroplated 
patterns, being short-circuited to the substrate after 
dicing is reduced. If metal lines or leads would be used to 
provide the connection to the contact extending over the 
dicing line, the electroplated patterns can still be in 
contact with the substrate after dicing due to metal 
shavings or residues . 

The same plating system and method as 
defined according the present invention can be used for 
electrochemical chloridation on wafer scale provided that a 
different solution is used and a positive potential is 
applied at the backside electrode instead of a negative 
potential. Of particular interest is the electrochemical 
chloridation of silver. The electrochemical chloridation of 
bulk silver electrodes (wires) can be used for producing 
standard reference electrodes. An advantage is that the 
quality of the AgCl layer formed by using electrochemical 
chloridation is better than by using a chemical 
chloridation. So, according to the present invention, 
Ag/AgCl reference electrodes on wafer scale can be formed 
by using electroplated silver and electrochemically 
chloridized silver chloride. 
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CLAIMS 

1. A method for plating on at least one 
conductive pattern on a surface of a substrate, said 
substrate having at least a first surface and a second 
surface, said method comprising the steps of: 

placing the substrate on an electrode being 
part of a plating holder such that said second surface of 
said substrate is in contact with said electrode and said 
conductive pattern is temporarily electrically connected to 
said electrode; and 

applying a plating solution on said first 
surface of said substrate thereby inhibiting exposure of 
said second surface to said plating solution. 

characterised in that said electrode and said 
conductive pattern are temporarily electrically connected 
by forming a polysilicon or an amorphous silicon conductor 
to temporarily connect said conductive pattern with a 
contact to the substrate, said contact being formed on the 
first surface of the substrate, and by providing an 
electrical connection between said contact and said 
electrode . 

2. A method as recited in claim 1, wherein 
said conductive pattern is positioned on a first die and 
said contact is positioned on a second die different from 
said first die. 

3. A method as recited in claim 2, wherein 
after said conductive pattern is plated, said method 
further comprises the step of dicing the substrate 

4. A method as in claim 1, wherein prior to 
applying the plating solution, a resist layer is deposited 
on said conductive pattern and patterned in order to create 
at least one covered area an at least one uncovered area, 
said uncovered area being exposable to said plating 
solution . 

AMENDED SHEET 



'3VCS-2000 



CLMSPAMD 



13 

5. A method as recited in claim 1, where said 
plating solution comprises an element selected from a group 
comprising Ag, Cu, Au, Pt, Ti , Ni and Co. 

6. A substrate having at least a first 
5 surface and a second surface opposite to said first 

surface, said first surface being exposable to a plating 

solution, said substrate comprising 

a conductive pattern being positioned at said 

first surface of a substrate; 
10 a contact to the first surface of the 

substrate; and 

said conductive pattern being temporarily 

electrically connected by a polysilicon or an amorphous 

silicon conductor with said contact and said contact being 
15 electrically connected with said second surface. 
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filed on January 23, 2001 as Apphcation Serial No. 09/744,465 and was amended on . 
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defined in Title 37, Code of Federal Regulations, § 1.56; 
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States provisional application(s) listed below. 
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I hereby claim the benefit under Title 35, United States Code, § 120 of any United States 
application(s) hsted below, and insofar as the subject matter of each of the claims of this 
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Citizenship: 



Post Office Address: In der Rote 1, D-91074 Herzogenaurach, Germany 
Full name of Fourth inventor: Philippe Arquint 
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Inventor's signature "^^^^^L&pf^ 

Date 0^ — ^^-^ Zoo /I 

Residence: Stegerstrasse 13 A, D-91074 Herzogenauracii, Germany 
Citizenship: .^i^XX 



Post Office Address: Stegerstrasse 13 A, D-91074 Herzogenaurach, Germany 



Send Correspondence To: 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

Customer No. 20,995 
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Ree'd per/pre isaprzw^ 

PC PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : Van Steenkiste, et al. ) 

App.No. : 09/744,465 ) 

Filed : January 23, 2001 ) 

For : A SYSTEM AND A METHOD FOR ) 

PLATING OF A CONDUCTIVE ) 
PATTERN ) 

Examiner : Unknown ) 

ESTABLISHMENT OF RIGHT OF ASSIGNEE TO TAKE ACTION 
AND 

REVOCATION AND POWER OF ATTORNEY 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

The undersigned is empowered to act on behalf of the assignees below (the "Assignees"). 
A true copy of the original Assignment of the above-captioned appUcation from the inventors to 
the Assignees is attached hereto. This Assignment represents the entire chain of title of this 
invention from the Inventors to the Assignees. 

We declare that all statements made herein are true, and that all statements made upon 
information and behef are believed to be true, and further, that these statements were made with 
the knowledge that willful, false statements and the hke so made are punishable by fine or 
imprisonment, or both, under 18 U.S. C. § 1001, and that willful, false statements may jeopardize 
the validity of the apphcation, or any patent issuing thereon. 

The undersigned hereby revokes any previous powers of attorney in the subject 
application, and hereby appoints the registrants of Knobbe, Martens, Olson & Bear, LLP, 620 
Newport Center Drive, Sixteenth Floor, Newport Beach, Cahfomia 92660, Telephone 
(949) 760-0404, Customer No. 20,995, as its attorneys with fiill power of substitution and 



App. No. : 09/744,465 
Filed : January 23, 2001 

revocation to prosecute this application and to transact all business in the U.S. Patent and 
Trademark Office connected herewith. This appointment is to be to the exclusion of the 
inventors and their attorneys in accordance with the provisions of 37 C.F.R. § 3.71. 
Please use Customer No. 20,995 for all communications. 

Interuniversitair Micro-Elektronica Centrum 



Bv: .--:2^'-" -^^ 



Title: President 

Address: Kapeldreef 75, B-3001 Leuven, Belgium 



Siemens Aktiengesellschaft 



Dated: ^^^^ March 2001 




sih/midt ^ Kuhl 

Title: Authorized Officers 

Address: Wittelsbacherplatz 2, D-80333 Munchen, 



Germany 
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